TITLE OF THE INVENTION 

BATTERY POLYMERIC MATERIAL, BATTERY SEPARATOR, 
BATTERY INSULATING PACKING, AND LITHIUM BATTERY 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[OOOl] The present invention relates to a lithium 
battery provided with a positive electrode, a negative 
electrode, a non-aqueous electrolyte, and a battery 
separator separating the above-mentioned positive 
electrode and negative electrode in a battery case, and 
battery polymeric materials employed for a battery 
separator separating the positive electrode and the 
negative electrode and a battery insulating packing 
sealing the battery case in a lithium battery. More 
particularly, the present invention is characterized in 
that discharge characteristics and the like of a lithium 
battery are prevented from being degrade even when the 
lithium battery is exposed to high temperature conditions, 
such as when the lithium battery is put into a ref lowing 
furnace to be automatically soft-soldered. 

Description of the Related Art 

[0002] In recent years, a lithium battery employing a 
non-aqueous electrolyte to utilize oxidation and reduction 
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of lithium ions have begun to be used as one of new-type 
lithium batteries having high power and high energy 
density . 

[0003] Such a lithium battery employs the non-aqueous 
electrolyte as described above, and thereby evolution of 
hydrogen and oxygen due to a positive electrode and a 
negative electrode reacting during storage is restrained. 
Therefore, the lithium battery has begun to be used as an 
electric source for emergency such as for memory-backup 
and the like. 

[0004] In the above-mentioned lithium battery, a 
positive electrode, a negative electrode and a non-aqueous 
electrolyte are generally contained in a battery case. In 
the lithium battery as described above, polymeric 
materials are employed for a battery separator separating 
the positive electrode and the negative electrode and a 
battery insulating packing electrically separating the 
battery case. 

[0005] Further, in employing the lithium battery as an 
electric source for emergency such as for memory-backup 
and the like as described above, it is attempted that the 
lithium battery is put into a ref lowing furnace to 
automatically soft-solder a lead terminal thereof onto a 
printed board. 



[0006] When the lithium battery is put into a ref lowing 
furnace to automatically soft-solder the lead terminal 
thereof onto the printed board as described above, the 
lithium battery is exposed to high temperature in the 
reflowing furnace and is usually kept under the high 
temperature conditions of 250 °C for about ten seconds. 
[0007] However, when the lithium battery is kept under 
high temperature conditions of 250 °C for about ten seconds 
as described above, there exists a problem that the 
non-aqueous electrolyte in the battery case of the lithium 
battery reacts with the above-mentioned battery separator 
and the battery insulating packing which are formed by 
polymeric materials, whereby various performances of the 
lithium battery such as discharge capacity and the like 
are degraded. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to 
restrain polymeric materials as a battery separator 
separating a positive electrode and a negative electrode 
and a battery insulating packing sealing a battery case 
from reacting with a non-aqueous electrolyte in order to 
prevent various performances of a lithium battery such as 
discharge capacity and the like when the lithium battery 
is exposed to high temperature conditions such as when the 
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lithium battery is put into a reflowing furnace to be 
automatically soft-soldered. 

[0009] The first battery polymeric material according 
to the present invention employed for the battery 
separator and the battery insulating packing comprises 
repeating units wherein p-phenylene is combined with one 
type of group selected from the group composed of oxygen, 
a methylene group, an isopropylidene group, a carbonyl 
group, a carbonyldioxy group, a carboxylic acid anhydride 
group, an amide group, an ureylene group and a sulfonyl 
group. 

[0010] Further, the second battery polymeric material 
according to the present invention employed for the 
battery separator and the battery insulating packing in 
the lithium battery comprises repeating units wherein at 
least two types of p-phenylene which is combined with one 
type of group selected from the group composed of oxygen, 
a methylene group, an isopropylidene group, a carbonyl 
group, a carbonyldioxy group, a carboxylic acid anhydride 
group, an amide group, an ureylene group, a sulfonyl 
group, sulfur and a carbonyloxy group are combined with 
each other. 

[0011] Further, when the battery separator and the 
battery insulating packing in the lithium battery 
comprises the above-mentioned first and second polymeric 
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materials, in the case where the lithium battery is 
exposed to the high temperature conditions such as the 
case where the lithium battery is put into a ref lowing 
furnace to be automatically soft-soldered , the battery 
separator and the battery insulating packing which are 
formed by the above-mentioned polymeric materials are 
restrained from reacting with the non-aqueous electrolyte, 
and as a result, various performances of the lithium 
battery such as discharge capacity and the like are 
prevented from being degraded. 

[0012] In the above-mentioned first battery polymeric 
material, it is preferable that the group combined with 
p-phenylene is composed of oxygen or a carbonyl group. On 
the other hand, in the above-mentioned second battery 
polymeric material, it is preferable that the groups 
combined with p-phenylene are composed of oxygen and a 
carbonyl group. Further, when the first and second 
battery polymeric material as described above are employed 
for the battery separator and the battery insulating 
packing of the lithium battery, in the case where the 
lithium battery is exposed to the high temperature 
conditions, the polymeric materials are further restrained 
from reacting with the non-aqueous electrolyte, and 
thereby discharge capacity of the lithium battery is 
further prevented from being degraded. 
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[0013] Further, the lithium battery according to the 
present invention is characterized in that the 
above-mentioned first and second battery polymeric 
materials are employed for the battery separator and the 
battery insulating packing of the lithium battery. The 
type of solvent and solute to be used for the non-aqueous 
electrolyte of the lithium battery and the type of 
materials to be used for the positive electrode and the 
negative electrode and the like are not particularly 
limited, that is, a solvent, a solute and materials which 
have been generally used in lithium batteries may be used. 
Additionally, the lithium battery according to the present 
invention may be either of a primary battery and a 
secondary battery. 

[0014] In the lithium battery according to the present 
invention, examples of a solute to be used in the 
non-aqueous electrolyte include a lithium compound such as 
hexafluorophosphoric acid lithium (LiPF 6 ), tetraf luoroboric 
acid lithium (LiBF 4 ) , trif luoro-methanesulf onic acid 
lithium (LiCF 3 S0 3 ), lithium trif luoro-methanesulf onic acid 
imide [LiN(CF 3 S0 2 ) 2< ] , lithium pentaf luoro-ethanesulf onic 
acid imide [LiN(C 2 F 5 S0 2 ) 2 ] , lithium trif luoro-ethanesulf onic 
acid methide [Lie (CF 3 S0 2 ) 3 ], and the like. 
[0015] Further, as a solvent to be used in the 
non-aqueous electrolyte, a solvent having a high 
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permittivity such as ethylene carbonate, propylene 
carbonate, 1 . 2-buthylene carbonate, vinylene carbonate, 
7 -butyrolactone, sulfolane, and the like, or a solvent 
having a low viscosity such as 1 . 2-dimethoxyethane, 
1 . 2 -diethoxy ethane, 1 . 2 -etoxymethoxy ethane, 
tetrahydrofuran, 1 . 3-dioxolane, dimethyl carbonate, 
diethyl carbonate, ethyl methyl carbonate, and the like 
may be employed alone or in combination with not less than 
two types. In particular, when a mixture solvent of the 
above-mentioned solvent having a high permittivity and a 
low viscosity is employed, ion conductivity of the 
non-aqueous electrolyte is increased. Increasingly, when 
an alloy of lithium and aluminum is employed for the 
negative electrode, a coating layer excellent in ion 
conductivity is formed on the negative electrode, whereby 
discharge characteristics of the lithium battery is 
improved . 

[0016] Further, in the lithium battery according to the 
present invention, examples of a positive electrode 
material to form the positive electrode include manganese 
dioxide, vanadium pentoxide, niobium oxide, 
cobalt-lithium oxide, nickel-lithium oxide and spinal 
manganese oxide, and the like. In particular, when boron- 
containing lithium-manganese complex oxide having boron or 
a boron compound dissolved therein is employed as the 



positive electrode material, the lithium battery excellent 
in charge/discharge cycle performance can be obtained. 
[0017] Further, in the lithium battery according to the 
present invention, examples of a negative electrode 
material to form the negative electrode include a lithium 
alloy such as metal lithium, a lithium-aluminum alloy, a 
lithium-aluminum-manganese alloy, a lithium-lead alloy, a 
lithium-tin alloy, a lithium-silicon alloy and the like, 
graphite capable of occuluding and discharging of lithium 
ions, coke, a carbon material such as a calcined product 
of organic substances, and the like. In particular, when 
a Li-Al alloy is employed as described above, a coating 
layer excellent in ion conductivity is formed on the 
negative electrode due to the combination of the Li-Al 
alloy and a solvent in the non-aqueous electrolyte, 
whereby lithium batteries excellent in discharge 
characteristics can be obtained. 

[0018] These and other objects, advantages and features 
of the invention will become apparent from the following 
description thereof taken in conjunction with the 
accompanying drawings which illustrate specific embodiment 
of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The figure is a schematic explanatory view of 
internal construction of the lithium battery fabricated in 
each inventive example and comparative example. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] The following examples specifically illustrate 
lithium batteries employing the battery polymeric 
materials according to the present invention. Further, 
comparative examples will be taken to make it clear that 
in the lithium batteries of the examples, decrease of the 
discharge capacity is prevented even when the batteries 
are exposed to high temperature conditions . It should be 
appreciated that the battery polymeric materials and the 
lithium battery according to the present invention are not 
particularly limited to those in the following examples, 
and various changes and modifications may be made in the 
invention without departing from the spirit and scope 
thereof. 
(Example 1.1) 

[0021] In the example 1.1, a positive electrode and a 
negative electrode were fabricated in the following 
manner, and a non-aqueous electrolyte was prepared in the 
following manner, to fabricate a flat-type and coin-shaped 
lithium battery as shown in the Figure. 
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(Fabrication of Positive Electrode) 

[0022] In fabricating a positive electrode, lithium 
hydroxide (LiOH), boron oxide (B 2 0 3 ), manganese dioxide 
(Mn0 2 ) were mixed so that the atom ratio of Li : B : Mn was 
0.53 : 0.06 : 1.00. The resultant mixture was 
heat-treated for twenty hours at the temperature of 37 5 °C 
in the atmosphere, and then was reduced to powder, to 
obtain boron-containing lithium-manganese compound oxide 
powder used as the positive electrode active material. 
[0023] Further, the boron-containing lithium-manganese 
compound oxide powder, carbon black powder as a conductive 
agent and fluorocarbon resin powder as a binding agent 
were mixed in the weight ratio of 85 : 10 : 5, to obtain a 
positive agent. 

[0024] Further, the positive agent thus obtained was 

formed to be round-shaped by molding and was dried for two 

hours at the temperature of 25 0 °C under vacuum, to obtain 

a positive electrode. 

(Fabrication of Negative Electrode) 

[0025] In fabricating a negative electrode, a 

lithium-aluminum alloy (Li-Al alloy) was stamped out 

orbicularly, to obtain a negative electrode. 

(Preparation of non-aqueous electrolyte) 

[0026] In preparing a non-aqueous electrolyte, lithium 
trif luoro-methanesulfonic acid imide [LiN(CF 3 S0 2 ) 2 ] as a 
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solute was dissolved in a mixture solvent obtained by 
mixing propylene carbonate (PC) and 1 . 2-dimethoxy ethane 
(DME) in the volume ratio of 1 : 1 so that the 
concentration of the above-mentioned solute in the 
resultant mixture solution was 1 mole/liter, to fabricate 
a non-aqueous electrolyte. 
(Fabrication of Battery) 

[0027] In fabricating a battery, as shown in the 
Figure, the above-mentioned positive electrode 1 was 
mounted on a stainless steel plate (SUS316) as a 
positive-electrode current collector 5 while the 
above-mentioned negative electrode 2 was mounted on a 
stainless steel plate (SUS3 04) as a negative-electrode 
current collector 6. Further, a separator 3 comprising a 
microporous film formed by a polymeric material was 
impregnated with the above-mentioned non-aqueous 
electrolyte, and was interposed between the above- 
mentioned positive electrode 1 and negative electrode 2. 
[0028] Further, they were contained in a battery case 4 
comprising a positive-electrode can 4a and a 
negative-electrode can 4b, and the positive electrode 1 
was connected to the positive-electrode can 4a via the 
positive-electrode current collector 5 while the negative 
electrode 2 was connected to the negative-electrode can 4b 
via the negative-electrode current collector 6 , to 
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electrically separate the positive-electrode can 4a and 
the negative-electrode can 4b from each other by an 
insulating packing 7 formed by a polymeric material, to 
obtain a lithium batter having an outer diameter of 24 mm, 
a thickness of 3 mm, and a battery capacity of 30 mA. 
[0029] In the Example 1.1, the polymeric material 
represented by the following chemical formula 1 wherein 
the (A) group combined with p-phenylene was composed of 
oxygen (-0-) as shown in the following Table 1, and a 
melting point thereof was 2 90 °C was employed as a 
polymeric material for the above-mentioned separator 3 and 
the insulating packing 7 . 

(Chemical Formula 1) 



[0030] Further, internal residence of the lithium 
battery was about 10 Q and internal residence of each of 
the lithium batteries in the following examples and 
comparative examples was all about 10 Q. 
(Example 1.1a, and 1.1b) 

[0031] In the examples 1.1a and 1.1b, a lithium battery 
was fabricated in the same manner as that in the 
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above-mentioned example 1.1 except that only the type of 
polymeric material for the separator 3 or the insulating 
packing 7 in the example 1.1 was changed. 
[0032] In the above-mentioned examples, the polymeric 
material represented by the foregoing chemical formula 1 
was employed for the separator 3 and the insulating 
packing 7. More specifically, in the example 1.1a, the 
polymeric material wherein the (A) group combined with 

0 p-phenylene was composed of oxygen (-0-) as in the example 

\Q 

%3 1.1 was employed for the insulating packing 7, while the 

W 

?p polymeric material wherein the (A) group combined with 

iN 

Ul p-phenylene was composed of sulfur (-S-), and the melting 

2 point thereof was 270 °C was employed for the separator 3. 

P 

W on the other hand, in the example 1.1b, the polymeric 

ill 

\V material wherein the (A) group combined with p-phenylene 

O 

" ?# was composed of oxygen (-0-) as in the example 1.1 was 

employed for the separator 3, while the polymeric material 
wherein the (A) group combined with p-phenylene was 
composed of sulfur (-S-) was employed for the insulating 
packing 7, as shown in the following Table 1. 
( Comparative Example 1.1) 

[0033] In the comparative example 1.1, a lithium 
battery was fabricated in the same manner as that in the 
above-mentioned example 1 . 1 except that only the type of 
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polymeric material for the separator 3 and the insulating 
packing 7 in the example 1.1 was changed. 
[0034] in the above-mentioned examples, the polymeric 
material represented by the above-mentioned chemical 
formula 1 wherein the (A) group combined with p-phenylene 
was composed of sulfur (-S-), and a melting point thereof 
was 270 °C was employed for the separator 3 and the 
insulating packing 7, as shown in the following Table 1. 
[0035] Increasingly, in each of the lithium batteries 
thus fabricated in the examples 1.1, 1.1a, 1.1b and in the 
comparative example 1.1, a battery prior to being heated 
in a reflowing furnace and a battery after being heated 
for 10 seconds at the temperature of 250 °C in a reflowing 
furnace were prepared. Further, each of the two batteries 
thus prepared was then discharged with a discharge current 
of 10 mA to a discharge cut-off voltage of 2.0 V. 
Further, a discharge capacity Qo prior to being heated in 
a reflowing furnace and a discharge capacity Qa after 
being heated in a reflowing furnace for 10 seconds at the 
temperature of 250 °C in a reflowing furnace were measured, 
and the ratio of the discharge capacity Qa after being 
heated in a reflowing furnace to the discharge capacity Qo 
prior to being heated, [ (Qa/Qo) X 100] was found as the 
percentage of capacity retention. The results were shown 
in the following Table 1. 
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Table 1 
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[0036] As apparent from the result, in each of the 
lithium batteries in the examples 1.1, 1.1a and 1.1b 
employing the polymeric material represented by the 
foregoing chemical formula 1 wherein the (A) group 
combined with p-phenylene was composed of oxygen (-0-) as 
a polymeric material for at least either the separator 3 
or the insulating packing 7 of the lithium battery, the 
percentage of the capacity retention after reflowing was 
increased, compared with the lithium battery in the 
comparative example 1 . 1 employing the polymeric material 
represented by the foregoing chemical formula 1 wherein 
the (A) group combined with p-phenylene was sulfur (-S-) 
as a polymeric material for both of the separator 3 and 
the insulating packing 7 of the battery. In particular, 
it is to be noted that in the lithium battery in the 
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example 1.1 employing the polymeric material represented 
by the foregoing chemical formula 1 wherein the (A) group 
combined with p-phenylene was composed of oxygen (-0-) as 
a polymeric material for both of the separator 3 and the 
insulating 7 of the battery, the percentage of the 
capacity retention after ref lowing was further increased. 
(Example 1.2 to 1.9) 

[0037] In the examples 1.2 to 1.9, each of the lithium 
batteries was fabricated in the same manner as that in the 
above-mentioned example 1.1 except that only the type of 
polymeric material for the separator 3 and the insulating 
packing 7 in the example 1.1 was changed. 
[0038] In the example 1.2 to 1.9, the polymeric 
materials represented by the foregoing chemical formula 1 
were employed for the separator 3 and the insulating 
packing 7. More specifically, in the example 1.2, the 
polymeric material wherein the (A) group combined with 
p-phenylene was composed of a methylene group (-CH 2 -), and 
a melting point thereof was 400 °C was employed, in the 
example 1.3, the polymeric material wherein the above- 
mentioned (A) group was composed of an isopropylidene 
group [-C(CH 3 ) 2 -], and a melting point thereof was 300 °C, 
in the example 1.4, the polymeric material wherein the 
above-mentioned (A) group was composed of a carbonyl group 
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(-CO-), and a melting point thereof was 380 °C, in the 
example 1.5, the polymeric material wherein the 
above-mentioned (A) group was composed of a carbonyldioxy 
group (-OCOO-), and a melting point thereof was 250 °C, in 
the example 1.6, the polymeric material wherein the 
above-mentioned (A) group was composed of a carboxylic 
acid anhydride group (-COOCO-), and a melting point 
thereof was 400 °C, in the example 1.7, the polymeric 
material wherein the above-mentioned (A) group was 
composed of an amide group (-CONH-), and a melting point 
thereof was 500 °C, in the example 1.8, the polymeric 
material wherein the above-mentioned (A) group was 
composed of an ureylene group (-NHC0NH-), and a melting 
point thereof was 250 °C, and in the example 1.9, the 
polymeric material wherein the above-mentioned (A) was 
composed of a sulfonyl group (-S0 2 -), and a melting point 
thereof was 4 00 °C . 
(Comparative Example 1.2 to 1.4) 

[0039] In the comparative examples 1.2 to 1.4, each of 
the lithium batteries was fabricated in the same manner as 
that in the above-mentioned example 1 . 1 except that only 
the type of polymeric material for the separator 3 and the 
insulating packing 7 in the example 1.1 was changed. 
[0040] in the example 1.2 to 1.4, the polymeric 
materials represented by the chemical formula 1 were 
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employed for the separator and the insulating packing 7. 
More specifically, in the comparative example 1.2, the 
polymeric material wherein the (A) group combined with 
p-phenylene was not present, which is formed by a polymer 
comprising p-phenylene combined with each other, and a 
melting point thereof was 450 °C was employed for the 
separator 3 and the insulating packing 7, in the 
comparative example 1.3, a polymeric material wherein the 
(A) group was composed of a tetramethylethylene group 
[-C(CH 3 ) 2 C(CH 3 ) 2 -] , and a melting point thereof was 300 °C, 
and in the comparative example 1.4, a polymeric material 
wherein the (A) group was composed of an ethylene group 
(-C 2 H 4 -), and a melting point thereof was 425 °C, as shown 
in the Table 2 . 

[0041] In each of lithium batteries thus fabricated in 
the examples 1.2 to 1.9 and the comparative examples 1.2 
to 1.4, a discharge capacity Qo prior to being heated in a 
reflowing furnace and a discharge capacity Qa after being 
heated in a reflowing furnace for 10 seconds at the 
temperature of 250 °C were measured in the same manner as 
that in the example 1.1 an the comparative example 1.1. 
Further, [ (Qa/Qo) X 100] was found as the percentage of 
capacity retention. The results were shown in the 
following Table 2 together with the results of the example 
1 . 1 and the comparative example 1.1. 
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Table 2 
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[0042] As apparent from the result, in each of the 
lithium batteries in the examples 1.1 to 1.9 employing for 
the separator 3 and the insulating packing 7 the polymeric 
materials represented by the foregoing chemical formula 
wherein the (A) group combined with p-phenylene was 
composed of one type of group selected from the group of 
oxygen, a methylene group, an isopropylidene group, a 
carbonyl group, a carbonyldioxy group, a carboxylic acid 
anhydride group, an amide group, an ureylene group, the 
percentage of capacity retention after reflowing was 
increased, compared with each of the lithium batteries in 
the comparative examples 1.1 to 1.4 employing for the 
separator 3 and the insulating packing 7 the polymeric 
material represented by the foregoing chemical formula 1 
wherein the (A) group combined with p-phenylene was 
composed of a group other than the above-mentioned groups 
or the (A) group was not combined. 

[0043] Further, when each of the lithium batteries in 
the examples 1.1 to 1.9 was compared with each other, in 
the lithium batteries in the examples 1.1 and 1.4 
employing for the separator 3 and the insulating packing 7 
the polymeric material wherein the above-mentioned (A) 
group combined with p-phenylene was composed of oxygen or 
a carbonyl group, the percentage of the capacity retention 
after reflowing was further increased. 
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(Example 2.1 to 2.8) 

[0044] in the examples 2.1 to 2.8, each of the lithium 
batteries was fabricated in the same manner as that in the 
above-mentioned example 1.1 except that only the type of 
polymeric material for the separator 3 and the insulating 
packing 7 in the example 1.1 was changed. 

[0045] In the above-mentioned examples, the polymeric 
material comprising repeating units wherein p-phenylene 
combined with the (A) group and p-phenylene combined with 
the (B) group were combined with each other, as shown in 
the following Table 2, was employed as the polymeric 
materials for the separator 3 and the insulating packing 



material wherein the (A) group was composed of oxygen 
(-0-) and the (B) group was composed of a carbonyl group 
(-CO-), and a melting point thereof was 3 60 °C was 
employed, in the example 2.2, the polymeric material 
wherein the (A) group was composed of an isopropylidene 
group [-C(CH 3 ) 2 -] and the (B) group was composed of a 



7. 



(Chemical Formula 2) 




[0046] 



Further, in the example 2.1, the polymeric 
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carbonyldioxy group ( -OCOO- ) , and the melting point 
thereof was 270 °C, in the example 2.3, the polymeric 
material wherein the (A) group was composed of an 
isopropylidene group [-C(CH 3 ) 2 -] and the (B) group was 
composed of a carboxylic acid anhydride group (-COOCO-), 
and a melting point thereof was 332 °C, in the example 2.4, 
the polymeric material wherein the (A) group was composed 
of oxygen (-0-) and the (B) group was composed of a 
carboxylic acid anhydride group (-COOCO-), and a melting 
point thereof was 2 90 °C, in the example 2.5, the polymeric 
material wherein the (A) group was composed of a methylene 
group (-CH 2 -) and the (B) group was composed of an ureylene 
group (-NHCONH-), and a melting point thereof was 3 00 °C, 
in the example 2.6, the polymeric material wherein the (A) 
group was composed of a carbonyl group (-CO-) and the (B) 
group was composed of sulfur (-S-), and a melting point 
thereof was 334 °C, in the example 2.7, the polymeric 
material wherein the (A) group was composed of a sulfonyl 
group (-S0 2 -) and the (B) group was composed of sulfur (-S- 
), and a melting point thereof was 400 °C, and in the 
example 2.8, the polymeric material wherein the (A) group 
was composed of oxygen (-0-) and the (B) group was 
composed of a sulfonyl group (-S0 2 -), and a melting point 
thereof was 250 °C, as shown in the Table 3. 
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(Comparative Example 2.1 and 2.2) 

[0047] in the comparative examples 2.1 and 2.2, each of 
the lithium batteries was fabricated in the same manner as 
that in the above-mentioned example 1 . 1 except that only 
the type of polymeric material for the separator 3 and the 
insulating packing 7 in the example 1.1 was changed. 
[0048] In the above-mentioned examples, the polymeric 
material represented by the above-mentioned chemical 
formula 2 was employed for the separator 3 and the 
insulating packing 7. More specifically, in the example 
2.1, the polymeric material wherein the (A) group was 
composed of an ethylene group (-C 2 H 4 -) and the (B) group 
was composed of a carbonyldioxy group (-OCOO-), and the 
melting point thereof was 2 90 °C was employed, and in the 
example 2.2, the polymeric material wherein the (A) group 
was not present and the (B) group was composed of sulfur 
(-S-), and a melting point thereof was 430 °C, as shown in 
the following Table 3. 

[0049] in each of the lithium batteries thus fabricated 
in the examples 2.1 to 2.8 and the comparative examples 
2.1 and 2.2, a discharge capacity Qo prior to being heated 
in a reflowing furnace and a discharge capacity Qa after 
being heated in a reflowing furnace for 10 seconds at the 
temperature of 250 °C were measured in the same manner as 
that in the above-mentioned example 1.1 and the 
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comparative example 1.1. Further, [(Qa/Qo) X 100] was 
found as the percentage of capacity retention. The 
results were shown in the following Table 3. 
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(Examples 3.1 to 3.4) 

[0050] in the comparative examples 3.1 to 3.4, each of 
the lithium batteries was fabricated in the same manner as 
that in the above-mentioned example 1 . 1 except that only 
the type of polymeric material for the separator 3 and the 
insulating packing 7 in the example 1.1 was changed. 

[0051] in the above-mentioned examples, the polymeric 
material comprising repeating units wherein p-phenylene 
combined with the (A) group, p-phenylene combined with the 

(B) group, and p-phenylene combined with the (C) group 
were combined with each other, as shown in the following 
chemical formula 3, was employed as a polymeric material 
for the separator 3 and the insulating packing 7. 

(Chemical Formula 3) 

[0052] Further, in the example 3.1, the polymeric 
material wherein the (A) group was composed of oxygen 
(-O-), the (B) group was composed of oxygen (-0-), and the 

(C) group was composed of a carbonyl group (-CO-), and a 
melting point thereof was 334 °C was employed, in the 
example 3.2, the polymeric material wherein the (A) group 
was composed of a carbonyl group (-CO-), the (B) group was 
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composed of oxygen (-0-), and the (C) group was composed 
of a carbonyl group (-CO-), and a melting point thereof 
was 338 °C, in the example 3.3, the polymeric material 
wherein the (A) group was composed of a carbonyloxy group 
(-C00-), the (B) group was composed of an isopropylidene 
group [-C(CH 3 ) 2 -], and the (C) group was composed of a 
carbonyloxy group (-0C0-), and a melting point thereof was 
250 °C, in the example 3.4, the polymeric material wherein 
the (A) group was composed of an amide group {-CONH-), the 
(B) group was composed of a methylene group {-CH 2 -), and 
the (C) group was composed of an amide group (-CONH-), and 
a melting point thereof was 420 °C, as shown in the 
following Table 4 . 

(Comparative Example 3.1 and 3.2) 

[0053] In the comparative examples 3.1 and 3.2, each of 
the lithium batteries was fabricated in the same manner as 
that in the above-mentioned example 1 . 1 except that only 
the type of polymeric material for the separator 3 and the 
insulating packing 7 in the example 1.1 was changed. 
[0054] In the above-mentioned examples, the polymeric 
material represented by the foregoing chemical formula 3 
was employed for the separator 3 and the insulating 
packing 7. More specifically, in the comparative example 
3.1, the polymeric material wherein the (A) group was 
composed of a carbonyloxy group (-COO-), the (B) group was 
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not present, and the (C) group was composed of a 
carbonyloxy group { -OCO- ) , and a melting point thereof was 
421 °C was employed, and in the comparative example 3.2, 
the polymeric material wherein the (A) group was composed 
of an amide group (-CONH-), the (B) group was not present, 
and the (C) group was composed of an amide group (-CONH-), 
and the melting point thereof was 500 °C. Increasingly, 
in each of the lithium batteries thus fabricated in the 
examples 3.1 to 3.4 and the comparative examples 3.1 and 
3.2, a discharge capacity Qo prior to being heated in a 
reflowing furnace and a discharge capacity Qa after being 
heated in a reflowing furnace for 10 seconds at the 
temperature of 250 °C were measured in the same manner as 
that in the above-mentioned example 1 . 1 and the 
comparative example 1.1. Further, [(Qa/Qo) X 100] was 
found as the percentage of capacity retention. The 
results were shown in the following Table 4. 
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(Comparative Example 4.1 and 4.2) 

[0055] in the comparative examples 4.1 and 4.2, each of 
the lithium batteries was fabricated in the same manner as 
that in the above-mentioned example 1.1 except that only 
the type of polymeric material for the separator 3 and the 
insulating packing 7 in the example 1.1 was changed. 
[0056] In the above-mentioned examples, a polymeric 
material comprising repeating units wherein p-phenylene 
combined with the (A) group, p-phenylene combined with the 



28 



if! 
W 



(B) group, and p-phenylene combined with the (C) group, 
and p-phenylene combined with the (D) group were combined 
with each other, as shown in the following chemical 
formula 4 was employed as the polymeric material for the 
separator 3 and the insulating packing 7. 

(Chemical Formula 4) 

-<> a)h O bm O c ^O d) - 

[0057] Further, in the example 4.1, the polymeric 
material wherein the (A) group was composed of oxygen 
(-O-), the (B) group was composed of oxygen (-0-), the (C) 
group was composed of a carbonyl group (-CO-), and the (D) 
group was composed of a carbonyl group (-CO-), and a 
melting point thereof was 375 °C was employed, and in the 
example 4.2, the polymeric material wherein the (A) group 
was composed of oxygen (-O-), the (B) group was composed 
of an isopropylidene group [-C(CH 3 ) 2 -], the (C) group was 
composed of oxygen (-0-) and the (D) group was composed of 
a sulfonyl group (-S0 2 -), and a melting point thereof was 
250 °C, as shown in the following Table 5. 
( Comparative Example 4.1) 

[0058] In the comparative example 4.1, a lithium 
battery was fabricated in the same manner as that in the 
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above-mentioned example 1 . 1 except that only the type of 
polymeric material for the separator 3 or the insulating 
packing 7 in the example 1.1 was changed. 
[0059] In the above-mentioned example, the polymeric 
material represented by the foregoing chemical formula 4 
wherein the (A) group was composed of oxygen (-0-) , the 
(B) group was not present, the (C) group was composed of 
oxygen (-0-), and the (D) group was composed of a carbonyl 
group (-CO-), and a melting point thereof was 386 °C was 
employed for the separator 3 and the insulating packing 7, 
as shown in the following Table 5. 

[0060] In each of the lithium batteries thus fabricated 
as described above in the examples 4.1, 4.2 and the 
comparative example 4.1, a discharge capacity Qo prior to 
being heated in a reflowing furnace and a discharge 
capacity Qa after being heated in a reflowing furnace for 
10 seconds at the temperature of 250 °C were measured in 
the same manner as that in the above-mentioned example 1 . 1 
and the comparative example 1.1. Further, [ (Qa/Qo) X 100] 
was found as the percentage of capacity retention. The 
results were shown in the following Table 5. 
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{O™ ^Ch & ~Ch c) -C^ (d) \ 


percentage 
of capaci ty 
r et ent i on 

( %) 


( A ) 


( B) 


( c ) 


( D) 


exanpl e 4. 1 


- o - 


-o - 


— c — 

II 

o 


— c — 

II 

o 


9 6 


exarrpl e 4. 2 


-o - 


CH3 

1 

— c — 

1 

CH3 


-o - 


o 

— s — 
II 
o 


6 5 


corrpar at i ve 
exarrpl e 4. 1 


-o - 




-o - 


— C — 
II 

o 


4 1 



(Comparative Example 5.1) 

[0061] in the comparative example 5.1, a lithium 
battery was fabricated in the same manner as that in the 
above-mentioned example 1.1 except that only the type of 
polymeric material for the separator 3 or the insulating 
packing 7 in the example 1.1 was changed. 
[0062] In the example 5.1, the polymeric material 
comprising repeating units wherein p-phenylene combined 
with the (A) group, p-phenylene combined with the (B) 
group, p-phenylene combined with the (C) group, 
p-phenylene combined with the (D) group, and p-phenylene 
combined with the (E) group were combined with each other, 
as shown in the chemical formula 5, and the (A) group was 
composed of a carbonyl group (-CO-), the (B) group was 
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composed of oxygen (-0-), the (C) group was composed of a 
carbonyl group (-CO-), the (D) group was composed of 
oxygen, and the (E) group was composed of a carbonyl group 
(-CO-), and the melting point thereof was 380 °C, as shown 
in the following table 6. 



(Chemical Formula 5) 



-O ah G> bh O cH G> dh G> e) - 



[0063] in the lithium battery thus fabricated in the 
^ examples 5.1, a discharge capacity Qo prior to being 

heated in a reflowing furnace and a discharge capacity Qa 

»r ; after being heated in a reflowing furnace for 10 seconds 

h 

" w at the temperature of 250 °C were measured in the same 

manner as that in the example 1 . 1 and the comparative 
example 1.1. Further, [ (Qa/Qo) X 100] was found as the 
percentage of capacity retention. The results were shown 
in the following Table 6. 
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[0064] As apparent from the results of the 
above-mentioned Tables 3 to 6, in each of the lithium 
batteries in the examples 2.1 to 2.8, 3.1 to 3.4, 4.1, 
4.2, and 5 . 1 employing for the separator 3 and the 
insulating packing 7 the polymeric materials wherein each 
of the (A) to the (E) groups was composed of one type of 
group selected from the group composed of oxygen, a 
methylene group, an isopropylidene group, a carbonyl 
group, a carbonyldioxy group, a carboxylic acid anhydride 
gourp, an amide group, an ureylene group, a sulfonyl 
group, sulfur and a carbonyloxy group, the percentage of 
the capacity retention after reflowing was increased, 
compared with each of the lithium batteries in the 
comparative example 2.1, 2.2 3.1, 3.2 and 4.1 employing 
for the separator 3 and the insulating packing 7 the 
polymeric material wherein either of groups combined with 
p-phenylene was a group other than the above-mentioned 
groups or was not combined. 
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[0065] Further, when each of the lithium batteries in 
the above-mentioned examples was compared with each other, 
in each of the lithium batteries in the examples 2.1, 3.1, 
3.2, 4.1 and 5 . 1 employing for the separator 3 and the 
insulating packing 7 the polymeric material wherein each 
of the (A) to (E) groups combined with p-phenylene was 
composed of oxygen and a carbonyl group, the percentage of 
the capacity retention after reflowing was further 
increased. 

(Examples 6.1 to 6.5) 

[0066] In the above-mentioned examples, a lithium 
battery was fabricated in the same manner as that in the 
above-mentioned example 1 . 1 except that only the type of 
polymeric material for the separator 3 and the insulating 
packing 7 in the example 1 . 1 was changed into the 
polymeric material represented by the foregoing chemical 
formula 3 wherein the (A) group was composed of oxygen (- 
O-), the (B) group was composed of oxygen (-O-), and the 
(C) group was composed of a carbonyl group (-CO-), and the 
melting point thereof was 334 °C, as the case of the 
example 3.1, and that the type of solute to be used in the 
non-aqueous electrolyte was changed as shown in the 
following Table 7. 

[0067] In the examples 6.1 to 6.5, hexaf luorophosphoric 
acid lithium (LiPF 6 ) was employed as a solute to be used in 
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the non-aqueous electrolyte in the example 6.1, 
tetrafluoroboric acid lithium (LiBF 4 ) in the example 6.2, 
trifluoro-methanesulfonic acid lithium (LiCF 3 S0 3 ) in the 
example 6.3, lithium pentaf luoro-ethanesulf onic acid imide 
[LiN (C 2 F 5 S0 2 ) 2 ] in the example 6.4, and lithium 
trifluoro-methanesulfonic acid methide [Lie (CF 3 S0 2 ) 3 ] in 
the example 6.5, as shown in the Table 7. 

[0068] In each of the lithium batteries thus fabricated 
in the examples 6.1 to 6.5, a discharge capacity Qo prior 
to being heated in a reflowing furnace and a discharge 
capacity Qa after being heated in a reflowing furnace for 
10 seconds at the temperature of 250 °C were measured in 
the same manner as in the above-mentioned example 1.1 and 
the comparative example 1.1. Further, [(Qa/Qo) X 100] was 
found as the percentage of capacity retention. The 
results were shown in the following Table 7 together with 
the result of the above-mentioned comparative example 3.1. 
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Table 7 
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[0069] As apparent from the result, in each of the 
lithium batteries in the examples 3.1, 6.1 to 6.5 
employing for the separator 3 and the insulating packing 7 
the polymeric material represented by the foregoing 
chemical formula 3 wherein the (A) group was composed of 
oxygen (-0-), the (B) group was composed of oxygen (-0-), 
and the (C) group was composed of a carbonyl group (-C0-), 
the percentage of capacity retention after ref lowing was 
as high as more than 90 % even when a solute of the 
non-aqueous electrolyte was changed as described above. 
(Example 7.1 to 7.12) 

[0070] In the example 7.1 to 7.12, a lithium battery 
was fabricated in the same manner as that in the 
above-mentioned example 1.1 except that only the type of 
polymeric material for the separator 3 and the insulating 
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packing 7 in the example 1 . 1 was changed into the 
polymeric material represented by the chemical formula 3 
wherein the (A) group was composed of oxygen (-0-), the 
(B) group was composed of oxygen (-0-), and the (C) group 
was composed of a carbonyl group (-CO-), and the melting 
point thereof was 334 °C, as the case of the examples 3.1, 
and that the type of solvent to be used in the non-aqueous 
electrolyte was changed as shown in the following Table 8. 
[0071] In the examples 7.1 to 7.12, a mixture solvent 
of ethylene carbonate (EC) and 1 . 2-dimethoxyethane (DME) 
in the volume ratio of 1:1 was used as a solute to be used 
in an aqueous electrolyte in the example 7.1, a mixture 
solvent of 1 . 2-buthylene carbonate (BC) and 
1 . 2-dimethoxyethane (DME) in the volume ratio of 1:1 in 
the example 7.2, a mixture solvent of vinylene carbonate 
(VC) and 1 . 2-dimethoxyethane (DME) in the volume ratio of 
1:1 in the example 7.3, a mixture solvent of 
y -butyrolactone ( y -BL ) and 1 . 2-dimethoxyethane (DME) in 
the volume ratio of 1:1 in the example 7.4, a mixture 
solvent of sulfolane (SL) and 1 . 2-dimethoxyethane (DME) in 
the volume ratio of 1:1 in the example 7.5, a mixture 
solvent of propylene carbonate (PC) and 1 . 2-diethoxy ethane 
(DEE) in the volume ratio of 1:1 in the example 7.6, a 
mixture solvent of propylene carbonate (PC) and 
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1 . 2-etoxymethoxyethane (EME) in the volume ratio of 1:1 in 
the example 7.7, a mixture solvent of propylene carbonate 
(PC) and tetrahydrofuran (THF) in the volume ratio of 1:1 
in the example 7.8, a mixture solvent of propylene 
carbonate (PC) and 1 .3-dioxolane (DOXL) in the volume 
ratio of 1:1 in the example 7.9, a mixture solvent of 
propylene carbonate (PC) and dimethyl carbonate (DMC) in 
the volume ratio of 1:1 in the example 7.10, a mixture 
solvent of propylene carbonate (PC) and diethyl carbonate 
(DEC) in the volume ratio of 1:1 in the example 7.11, and 
a mixture solvent of propylene carbonate (PC) and ethyl 
methyl carbonate (EMC) in the volume ratio of 1:1 in the 
example 7.12, as shown in the Table 8. 

[0072] In each of the lithium batteries thus fabricated 
in the examples 7.1 to 7.12, a discharge capacity Qo prior 
to being heated in a reflowing furnace and a discharge 
capacity Qa after being heated in a reflowing furnace for 
10 seconds at the temperature of 250 °C were measured. 
Further, the ratio of the discharge capacity Qa to the 
discharge capacity Qo, [(Qa/Qo) X 100] was found as the 
percentage of capacity retention. The results were shown 
in the following Table 8 together with the result of the 
example 3.1. 
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Table 8 
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[0073] As apparent from the result, in each of the 
lithium batteries in the examples 3.1, and 7.1 to 7.12 
employing for the separator 3 and the insulating packing 7 
the polymeric material represented by the foregoing 
chemical formula 3 wherein the (A) group was composed of 
oxygen (-0-), the (B) group was composed of oxygen (-0- ), 
and the (C) group was composed of a carbonyl group (-CO-), 
the percentage of capacity retention after reflowing was 
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as high as more than 90 % even when a solute to be used in 
the non-aqueous electrolyte was changed as described 
above. 

[0074] Although the present invention has been fully 
described by way of examples, it is to be noted that 
various changes and modification will be apparent to those 
skilled in the art. 

[0075] Therefore, unless otherwise such changes and 
modifications depart from the scope of the present 
invention, they should be construed as being included 
therein . 
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